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Active smoking has been well established as the main risk factor
for lung cancer,1 and more recent studies of lung cancer have
sought to identify other aetiological factors, especially among
non-smokers. There is accumulating evidence that occupational
or domestic exposure to radon may increase cancer risk.2,3 There
is also evidence of possible relationships between previous non-
malignant pulmonary diseases and lung cancer.

Several studies have examined the association between 
lung cancer occurrence and prior diagnosis of other pulmonary

diseases.4–14 While not all of these studies yielded statistically
significant results, risks for lung cancer were generally elevated
for prior diagnosis of pulmonary tuberculosis,5,8–14 chronic
bronchitis,4–9,12,14 emphysema,4,8,10–12,14 asthma,4,8,10 and
pneumonia.4,8,10–12 The consistency of the results suggests that
one or more of these associations may indeed be causal, since 
it is unlikely that a systematic bias affected all of these diverse
studies similarly. Questions remain about the relationship
between prior diagnosed lung disease and lung cancer, in
particular, whether the timing of diagnosis of lung disease influ-
ences lung cancer risk.

We initiated a comprehensive population-based case-control
study of lung cancer in Gansu Province, China to address this
and other issues. Although the primary goal of the study was 
to investigate high levels of exposure to indoor radon and risk
of lung cancer, the study generated an extensive database,
including information on history of prior pulmonary diseases. A
particular strength of this study is its large number of subjects,
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both male and female, drawn from a predominantly rural popu-
lation with little exposure to industrial sources of air pollution,
and who had a detailed smoking history. An examination was
made within this sample of the association between lung cancer
and previous pulmonary disease.

Methods
Case ascertainment

We conducted a population-based case-control study of lung
cancer in Pingliang and Qingyang, two prefectures in Gansu
Province, China. Cases were aged 30–75 years, diagnosed between
January 1994 and April 1998 and were identified retrospectively
(1994–1995) and prospectively (1996–1998) from two prefecture
hospitals, a company hospital located at a nearby oilfield, 
15 county hospitals, and local clinics. We also reviewed records
from special anti-tuberculosis reporting stations in the pre-
fectures. In addition, hospital records in larger cities, such as
Lanzhou, Xi’an, and Yinchuan were reviewed for lung cancer
diagnosed in residents of the two prefectures. Cases consisted of
those with clinical/radiological symptoms suggestive of lung
cancer or pathological evidence.

There were 1209 possible lung cancer cases identified in 
the study area. All lung cancer diagnoses were reviewed by 
an expert panel that included two oncologists, two radiologists,
and one pathologist. Diagnoses of lung cancer were based on
clinical/radiological criteria for 60% of cases and pathological
evidence (such as bronchofiberoptic biopsy, sputum cytology,
lymphatic node biopsy) for 40% of cases. The expert panel
ruled out 277 cases leaving 932 cases. Of these, 43 cases could
not be located and 3 cases moved out of the study area leaving
886 cases (656 males, 230 females) for analysis.

All case subjects agreed to be interviewed. Mean times from
diagnosis to the interview were 4.6 months for cases identified
prospectively and 13.5 months for cases identified retro-
spectively. For subjects who had died, next-of-kin (primarily the
spouse) were interviewed. Surrogate interviews were required
for 481 cases. For all probable lung cancer cases an attempt was
made to identify vital status at the end of the study period, and
we assumed a subject’s death was confirmatory of lung cancer
diagnosis.

Control selection

A total of 1968 controls were randomly sampled from the
population census list for the two prefectures. Of the identified
controls, 6 refused to be interviewed, 62 could not be located,
23 moved out of the study area, 73 died before 1994, 4 became
cases, and 35 could not be interviewed before the end of 
the study and so 1765 controls (1310 males, 455 females) were
included.

Controls were frequency matched by gender, 5-year age
group, and prefecture. The control selection within each stratum
was based on the distribution of lung cancer cases obtained in a
1991 pilot study in the same area.15

Interview

After obtaining informed consent, personal interviews were
conducted for all cases and controls by trained interviewers
using a structured questionnaire. Interviews were conducted
either at home or in the hospital.

Detailed questions were asked about amount of time spent 
at home; smoking habits, including smoking by other members
of the household; housing characteristics; type of fuel used in
homes; diet and cooking practices; occupation; pesticide use;
reproductive factors for females; and medical histories. Long-
term radon detectors were placed in all residences lived in 
for >2 years over the past 30 years. Cases and controls were
asked whether a physician had ever advised them that they had
specific lung conditions (pulmonary tuberculosis, chronic
bronchitis/emphysema, asthma, and pneumonia) and, if so, 
the age and year in which each condition was first diagnosed
and any therapy or hospitalization received for the condition.
Because the diagnostic distinction between chronic bronchitis
and emphysema is problematic, we combined the two diseases
into a single category.

Statistical analysis

Odds ratios (OR) were used to measure the association between
lung cancer and the prior lung disease of interest. Unconditional
multivariate logistic regression models were used to adjust OR
for potential confounding factors included as main effects (age,
gender, prefecture, active smoking, passive smoking among
non-smokers, radon exposure, socioeconomic status, coal
combustion and fumes), and to evaluate effect modification.16

There was concern that early symptoms of lung cancer might
have been misdiagnosed as a prior lung disease, which could
artificially increase the magnitude of any association between
prior lung diseases and lung cancer risk. To examine this
possibility, we evaluated OR by time interval between diagnosis
of the prior lung disease and lung cancer (or date of the inter-
view for controls). All calculations were done using the SAS
program.17

Results
Table 1 summarizes the sociodemographic characteristics of the
participants. The frequency matching resulted in comparable
distributions of cases and controls by gender and prefecture.
Although subjects were matched by age, there was a small dif-
ference in age distribution, with a higher proportion of younger
cases. This difference was due to controls being selected from
the 1990 census list based on their ages in 1995. However, because
the midpoint of control enrolment was in 1997, the mean age
at interview for controls was slightly older than anticipated. 
The subjects were comparable on marital status. Case subjects
had higher socioeconomic status as measured by a higher pro-
portion with education beyond primary level, had a higher
income, and were more likely to own goods such as a colour
television set. Finally, 54.3% of case responders were next-of-
kin compared to 5.8% of the control responders.

Table 2 summarizes OR for developing lung cancer among
different categories of smokers, defined by number of cigarettes/
pipes smoked per day and number of years smoked. Moderate
and heavy smoking was associated with a low but significantly
increased risk of lung cancer. The OR and 95% CI for these
categories were 1.5 (1.1–2.0) and 2.8 (1.7–4.5), respectively.

Table 3 shows that OR were significantly elevated for all prior
lung conditions about which participants were asked. Adjustment
for active smoking had no effect on the OR. In addition, adjustment
for passive smoking, radon exposure, socioeconomic status, amount

PREVIOUS PULMONARY DISEASES AND LUNG CANCER 119



of coal used in home heating and cooking, and smokiness result-
ing from cooking did not alter these results (not shown).

To examine the time course of the associations, we computed
OR by number of years between the reference age (age at diagnosis
of lung cancer for cases or age at interview for controls) and 
age when first diagnosed with the individual lung disease. For
all prior lung diseases, OR were significantly elevated in the
interval 1–5 years (Table 4). This was especially pronounced 
for pulmonary tuberculosis, pneumonia and asthma. Similar
patterns of OR were observed when the time period was
computed within smaller intervals (1–2, 3–5 years) as well. For
time intervals greater than 5 years OR exhibited little variation.
For example, for chronic bronchitis/emphysema OR and 95%
CI for 1–2, 3–5, 6–10, 11–20, and 21 and more years were 
3.0 (1.9–4.8), 2.6 (1.5–4.6), 1.9 (1.1–3.1), 1.3 (0.8–2.0), and 
1.3 (0.9–2.0), respectively.

To minimize the distortion of OR by the misclassification of
early manifestation of lung cancer as recent pulmonary disease,

we included those subjects with prior lung diseases diagnosed
within 1–5 years of lung cancer in the reference group. In
addition, following the practice of other investigators,4,10–13,18

we excluded subjects with recent pulmonary diseases from 
the analysis. Because the number of subjects in the 1–5 year
category was small relative to the number in the reference
group, the results of both analyses were similar (not shown).

All subsequent analyses included recent lung diseases in the
referent category. Relative to no previous pulmonary diseases
0–5 years prior to lung cancer or interview, OR and 95% CI,
were 2.1 (1.4–3.1) for pulmonary tuberculosis, 1.4 (1.1–1.8) for
chronic bronchitis/emphysema, 1.4 (0.9–2.1) for asthma, and
1.5 (1.0–2.3) for pneumonia. None of the adjustment variables
(active or passive smoking, radon exposure, socioeconomic status,
coal combustion and fumes) altered these OR (not shown). In
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Table 1 Comparison of lung cancer cases and controls by socio-
demographic characteristics, Gansu Province, China, 1994–1998

Cases Controls
(n = 886) (n = 1765)

Characteristic % % P-valuea

Age (years)

,45 14.7b 11.8 ,0.0001

45–54 29.9 31.7

55–64 39.1 34.1

65+ 16.4 22.3

Gender

Male 74.0 74.2 0.9244

Female 26.0 25.8

Prefecture

Qingyang 48.8 52.4 0.0696

Pingliang 51.2 47.6

Education

<Primary 71.7 83.8 ,0.0001

Tech/vocation 26.1 15.2

>College 2.3 1.0

Income (yuan/year)

,2000 22.5 24.2 ,0.0001

2000–2999 17.6 23.2

3000–4399 27.2 29.1

>4400 32.7 23.4

No. of colour TVs

None 65.6 80.8 ,0.0001

At least one 34.4 19.2

Marital status

Married 90.2 88.0 0.4163

Widowed 8.9 10.5

Divorced 0.6 0.7

Never married 0.3 0.7

Responder

Self 45.7 94.2 ,0.0001

Next-of-kin 54.3 5.8

a Test of independence, adjusted for reference age, gender, and prefecture.
b Actual numbers differ for each variable due to missing data.

Table 2 Distribution of subjects, odds ratios (OR) and 95% CI by
categories of smoking risk

Cases Controls
(n = 886) (n = 1765)

Smoking categorya % % ORb 95% CI

Never smoked 28.6c 30.6 1.0

Light smokers 40.9 46.8 0.9 (0.7–1.1)

Moderate smokers 24.4 19.7 1.5 (1.1–2.0)

Heavy smokers 6.2 2.9 2.8 (1.7–4.5)

a Smokers were assigned to their most heavily exposed category based on
amount of cigarettes and/or pipes smoked per day and total years of smok-
ing. Heavy smokers are those who smoked for at least 40 years and at least
20 cigarettes per day; moderate smokers are those who smoked for at least
30 years and 10 cigarettes per day, and light smokers are those who did not
meet the criteria for heavy or moderate smokers. Never smokers were those
who never consumed more than 100 cigarettes in their lifetime.

b OR adjusted for reference age, gender, and prefecture.
c Actual numbers differ due to missing data.

Table 3 Odds ratios (OR) and 95% CI for lung cancer by history of
previous pulmonary diseases

Smoking-
Cases Controls ORa adjusted ORb

Condition (n = 886) (n = 1765) (95% CI) (95% CI)

Pulmonary tuberculosis

Yes 103 59 3.8 (2.7–5.3) 3.8 (2.7–5.4)

No 783 1705

Missing 0 1

Chronic bronchitis/emphysema

Yes 187 227 1.8 (1.5–2.3) 1.8 (1.4–2.2) 

No 699 1535

Missing 0 3

Asthma

Yes 68 69 2.1 (1.5–3.0) 2.1 (1.5–3.0) 

No 817 1690

Missing 1 6

Pneumonia

Yes 67 65 2.2 (1.5–3.1) 2.2 (1.5–3.1) 

No 815 1697

Missing 4 3

a OR adjusted for reference age, gender, and prefecture.
b OR adjusted for reference age, gender, prefecture, and smoking category

(see footnote a in Table 2).
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addition, the OR remained unchanged when data were limited
to self-responders only.

Table 5 summarizes the analysis of effect modification of 
the OR for prior lung diseases. All statistical tests of variations of
OR across characteristics were non-significant, except for the
variations of OR for chronic bronchitis/emphysema by gender
(P = 0.04), with the OR greater in males, and asthma by pre-
fecture (P = 0.03), with OR greater in Pingliang. After additional
adjustment for active smoking, the interaction of chronic bronchitis/
emphysema and gender as well as asthma and prefecture
remained statistically significant. The OR for lung cancer among
never-smokers were elevated for all pulmonary diseases except
chronic bronchitis/emphysema, and there was no consistent
pattern of OR across smoking categories for any of the pulmon-
ary diseases.

A final analysis restricted the case group to the pathologically
confirmed cases (40%) or probable cases who had died by the
end of the study (43%). The results did not differ from those
which included all lung cancer cases (not shown).

Discussion
In this population-based case-control study of lung cancer in
two prefectures of the Gansu Province of China, we found stat-
istically significant increases in lung cancer risk with previous
pulmonary tuberculosis and chronic bronchitis/emphysema.
The association between these diseases and lung cancer remained
significantly increased after controlling for active smoking 
and socioeconomic status. The OR for asthma and pneumonia
were also consistently elevated, but did not always reach the

traditional level of statistical significance, so results must be
interpreted more cautiously.

The results for pulmonary tuberculosis support those pre-
vious studies which have found a moderate increase in risk of
lung cancer among tuberculosis patients, that was not related 
to treatment with isoniazid,13,20,22 low-dose fractionated
radiation,21 smoking,5,10,12,13,19 and socioeconomic status.5

The association was related to both squamous cell carcinoma
and adenocarcinoma.10,12,13 Different mechanisms have been
proposed to explain the positive association. It is biologically
plausible that chronic inflammatory processes of the lung could
enhance the effects of other carcinogenic exposures and/or
stimulate cell proliferation and growth.13 In addition, com-
promised immune response, which often accompanies chronic
inflammatory reaction, may predispose to the development of
lung cancer.23 There is additional evidence from pathological
studies that, in the case of inactive tuberculosis, lung carcinoma
can evolve directly from pre-existing post-tuberculosis
lesions.24,25

Chronic bronchitis/emphysema appeared in our study as a
risk factor for lung cancer. Because cigarette smoking has been
related to the aetiology of chronic bronchitis and emphysema,26

it is difficult to demonstrate an independent effect of these non-
malignant pulmonary diseases on lung cancer risk. A positive
association of chronic bronchitis and emphysema with lung
cancer has been reported in several case-control4,6–9,11,14 and
cohort27,28 studies. This association was reported mainly
among smokers6,7,11,14 and for squamous-cell or small-cell
carcinomas,4,8,10–12 histological types known to be more strongly
related to smoking.29 In our study, a positive association of these
diseases persisted even after adjustment for active smoking;

Table 4 Odds ratios (OR) and 95% CI for lung cancer by years since first diagnosis of pulmonary disease

Years since diagnosis

Condition Status Reference groupa 1–5 6–10 11–20 21+ Missing P-valueb

Pulmonary tuberculosis

Case 783 48 7 12 34 2

Control 1705 5 3 21 30 1

OR 1.0 20.5 5.3 1.3 2.4 ,0.0001

95% CI 8.1–51.8 1.4–20.6 0.6–2.6 1.5–4.0

Chronic bronchitis/emphysema

Case 699 74 32 36 42 3

Control 1535 59 38 61 69 3

OR 1.0 2.9 1.9 1.3 1.3 0.0085

95% CI 2.0–4.1 1.2–3.1 0.8–2.0 0.9–2.0

Asthma

Case 817 30 7 12 18 2

Control 1690 13 12 17 25 8

OR 1.0 5.2 1.3 1.4 1.5 0.0093

95% CI 2.7–10.1 0.5–3.3 0.7–3.0 0.8–2.8

Pneumonia

Case 815 27 10 14 15 5

Control 1697 9 15 16 24 4

OR 1.0 6.2 1.4 1.9 1.4 0.0082

95% CI 2.9–13.2 0.6–3.1 0.9–3.9 0.7–2.7

a The reference group consists of those without prior lung diseases up to one year before the lung cancer diagnosis or interview.
b Test of homogeneity of OR across 1–5, 6–10, 11–20, 21+ year intervals.



however, it was not elevated among never-smokers, so it
remains possible that the overall association might be due to
residual confounding by smoking. However, there is evidence
from cohort studies that mucus hypersecretion and chronic
airway obstruction, associated with chronic bronchitis/
emphysema, are independent risk factors for lung cancer.27,28

These pulmonary impairments may reduce the clearance of
carcinogens while damaged pulmonary tissue is more
susceptible to the effects of carcinogens.30 There may also be
inherent susceptibility to both lung cancer and obstructive lung
disease.31

In our study, the OR for asthma and lung cancer were
consistently elevated after adjustment for active smoking but a
statistically significant association was not consistently observed.
Also, an elevated OR occurred in never-smokers and in females,
who are mainly non-smokers, after adjustment for passive tobacco
smoking. An association, therefore, seems to be independent 
of active and passive smoking. This evidence supports the find-
ings of some studies,4,8 although the overall epidemiological
evidence and association with different histological types is
inconclusive.4,10,32 It might be related to the complex nature of
asthma itself.33 Asthma is a separate disease that involves both

chronic inflammation of the respiratory tract and bronchial
hyperresponsiveness. This makes possible a misclassification of
asthma and chronic bronchitis33 (which is positively associated
with lung cancer) and misclassification of asthma with
allergies18,34 (some of which have been reported to have a
protective effect against lung cancer).

In our study, pneumonia showed a marginally significant
association with lung cancer overall and this association was
elevated among never smokers. There have been few epi-
demiological studies that investigated the association between
pneumonia and lung cancer risk.4,8,10–12 The association has
been demonstrated for adenocarcinoma10 and other types of
lung cancer.11 In our study, like others, no differentiation was
made between different types of pneumonia or the number of
times it had occurred, although there is evidence that interstitial
pneumonia is associated with lung cancer.35,36 Like pulmonary
tuberculosis, pneumonia might result in scar formation in the
lungs and the subsequent development of malignancy.37

There are several methodological issues that must be con-
sidered in the analysis and interpretation of the results. First,
there is a question of smoking as a major confounder and effect
modifier of the association between lung cancer and previous
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Table 5 Odds ratios and 95% CI for lung cancer by categories of sociodemographic variables and previous pulmonary diseases

Pulmonary Chronic
Characteristic tuberculosisa bronchitis/emphysema Asthma Pneumonia

Smoking

Never-smoked 1.9 (1.0–3.7) 1.0 (0.6–1.6) 2.0 (0.9–4.2) 1.5 (0.7–3.2)

Light smokers 1.5 (0.8–2.7) 1.6 (1.1–2.4) 1.0 (0.5–2.0) 1.1 (0.6–2.2)

Moderate smokers 7.2 (2.0–25.9) 1.6 (1.0–2.8) 1.1 (0.4–2.9) 1.8 (0.8–4.0)

Heavy smokers 4.6 (0.5–41.6) 0.9 (0.3–2.6) 1.8 (0.4–8.2) 3.8 (0.4–38.4)

Age (years)

,45 1.6 (0.3–8.0) 1.9 (0.9–4.3) 1.6 (0.3–8.2) 2.6 (0.7–9.3)

45–54 2.2 (1.2–4.2) 1.5 (0.9–2.4) 1.2 (0.6–2.6) 1.0 (0.5–2.0)

55–64 1.9 (1.1–3.5) 1.3 (0.9–1.9) 1.2 (0.6–2.2) 1.8 (0.8–3.8)

65+ 2.5 (0.9–7.1) 1.3 (0.7–2.2) 2.3 (0.9–5.9) 2.0 (0.7–5.3)

Gender

Male 2.4 (1.5–3.8) 1.7b (1.2–2.2) 1.2 (0.7–1.9) 1.6 (1.0–2.5)

Female 1.5 (0.7–3.0) 0.8 (0.5–1.4) 2.2 (0.9–5.3) 1.3 (0.6–3.1)

Prefecture

Pingliang 2.1 (1.3–3.6) 1.6 (1.1–2.2) 2.2b (1.2–4.0) 1.6 (0.8–3.2)

Qingyang 2.1 (1.2–3.7) 1.2 (0.8–1.7) 0.9 (0.5–1.7) 1.4 (0.8–2.4)

Education

<Primary 1.9 (1.2–3.0) 1.3 (1.0–1.8) 1.3 (0.8–2.2) 1.4 (0.8–2.3)

Tech/vocation 1.4 (0.6–3.0) 1.4 (0.8–2.4) 1.2 (0.6–2.8) 1.8 (0.7–4.2)

>College 5.0 (0.9–28.4) 0.8 (0.2–3.8) NAc 0.9 (0.1–7.3)

Income

,2000 2.0 (0.8–4.5) 1.1 (0.6–2.0) 0.9 (0.4–2.2) 1.1 (0.5–2.3)

2000–2999 2.8 (1.1–7.0) 1.6 (0.9–2.9) 1.1 (0.5–2.7) 1.0 (0.4–2.3)

3000–4399 2.1 (1.0–4.2) 1.2 (0.8–2.1) 1.8 (0.8–4.1) 2.8 (1.1–7.3)

>4400 1.8 (0.9–3.6) 1.5 (1.0–2.4) 2.4 (1.0–6.0) 2.8 (1.1–7.2)

No. of colour TVs

None 1.9 (1.2–3.1) 1.2 (0.9–1.7) 1.3 (0.8–2.2) 1.3 (0.7–2.1)

At least one 2.6 (1.2–5.8) 1.7 (1.0–2.7) 1.4 (0.6–3.2) 2.0 (0.9–4.3)

a Reference group includes subjects with diseases diagnosed within 1–5 years of lung cancer diagnosis/interview.
b Test of interactions, P , 0.05.
c Not available.
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pulmonary diseases. In this study, active smoking was sig-
nificantly associated with lung cancer, but the magnitude of the
association was low compared to Western studies.1 However,
this result is consistent with other Chinese studies38 and it has
been attributed to the fact that older Chinese smokers in the
past may not have smoked persistently, or may have smoked
handrolled tobacco or pipes resulting in a lower risk than smok-
ing cigarettes. We controlled for active smoking in all analyses,
and the overall association is unlikely to be due to the residual
confounding given the low risk of lung cancer from smoking
and low proportion of heavy smokers in this population. Also,
there was no consistent pattern of OR for lung cancer and
previous pulmonary diseases across smoking categories that
might have suggested residual confounding by smoking. Smok-
ing did not modify the effect of previous pulmonary diseases
either, but the test of interactions was of low power so it
remains inconclusive whether smoking and previous pulmon-
ary diseases are independent risk factors for lung cancer.

Second, it is possible some patients may have been mis-
diagnosed with early symptoms of lung cancer as prior pulmon-
ary disease (which would artificially increase the associations).
However, results of the analysis were similar when we included
patients with pulmonary diseases diagnosed within 1–5 years
before lung cancer in the reference group or when we excluded
patients in the 1–5 year interval. Since the 5-year relative
survival rate for lung cancer is low, about 7% in China,13 it
seems unlikely that the observed association was entirely due to
misdiagnosis of lung cancer.

A third methodological issue involves the accuracy of the
lung cancer diagnosis. The main analysis included all patho-
logically and clinically/radiologically diagnosed lung cancer
cases. While pathological confirmation was available for 40% of
the cases, the associations between lung cancer and pulmonary
tuberculosis and chronic bronchitis/emphysema were still
significant when the case group was limited to confirmed cases.

A fourth methodological issue concerns the fact that previous
pulmonary diseases were self-reported, since the elevated OR
could reflect differential recall bias, as a result of lung cancer
patients being more likely to recall previous lung diseases
because of their current illness. To minimize recall bias, subjects
were asked only about a specific list of lung diseases, and diseases
had to be diagnosed by a physician or have resulted in treat-
ment and/or hospitalization. A related issue concerns reporting
bias resulting from the fact that 54.3% of the cases were next-
of-kin interviews. However, the results were unchanged when
the next-of-kin data were excluded from the analysis, suggest-
ing little bias was introduced by this factor.

In summary, this population-based case-control study in Gansu
Province, China, provides additional evidence that previous pul-
monary tuberculosis and chronic bronchitis/emphysema are causally
related to lung cancer, although the precise mechanism is still
unclear. The results for asthma and pneumonia, while suggestive
of a positive association, should be interpreted with caution.
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